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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

301

) 4

Enabling the processor of the first direct
communication apparatus to adjust a transmitting
status of the at least one first synchronization signal

302

Enabling the second direct communication
apparatus to switch synchronization to a third direct
communication apparatus according to the
transmitting status of the at least one first
synchronization signal and synchronize with the
third direct communication apparatus according to
at least one second synchronization signal of the

third direct communication apparatus 203

F1G. 8
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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

901

R R R

Y

Enabling the first direct communication apparatus
to stop transmitting the at least one first
synchronization signal 002

v
Enabling the second direct communication
apparatus to stop receiving the at least one first
synchronization signal 003

Y

Enabling the second direct communication
apparatus to switch synchronization to the third
direct communication apparatus and synchronize
with the third direct communication apparatus
according to the at least one second
synchronization signal of the third direct
communication apparatus 004

FIG. 9
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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

100]]

\

Enabling the first direct communication apparatus
to decrease a signal transmission power of the at
least one first synchronization signal 100D

v
Enabling the second direct communication

apparatus to stop receirving the at least one first

synchronization signal according to the signal
transmission power of the at least one first

synchronization signal 1003

v

Enabling the second direct communication
apparatus to switch synchronization to a third direct
communication apparatus and synchronize with the
third direct communication apparatus according to

at least one second synchronization signal of the
third direct communication apparatus 1004
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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

1101

) 4
Enabling the first direct communication apparatus
to transmit a notification message to the second
direct communication apparatus via a physical
direct-to-direct synchronization channel while
transmitting the at least one first synchronization

signal 1102

) 4
Enabling the second direct communication
apparatus to stop receiving the at least one first
synchronization signal according to the notification

message 1103

v
Enabling the second direct communication

apparatus to switch synchronization to the third
direct communication apparatus and synchronize
with the third direct communication apparatus
according to the at least one second
synchronization signal of the third direct
communication apparatus 1104

FIG. 11
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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

1201

A 4

Enabling the first direct communication apparatus
to adjust the at least one first synchronization
signal according to a sequence format 15y

1 |

h 4
Enabling the second direct communication

apparatus to stop receiving the at least one first
synchromzation signal according to the at least one
first synchronization signal adjusted by the
sequence format 1203

\ 4

Enabling the second direct communication
apparatus to switch synchronization to the third
direct communication apparatus and synchronize
with the third direct communication apparatus
according to the at least one second
synchronization signal of the third direct
communication apparatus

1204

B 1

FI1G. 12
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Enabling the first direct communication apparatus
to determine that an abnormal synchronization
status occurs between the first direct
communication apparatus and the base station

1301

h 4

Enabling the first direct communication apparatus
to switch synchronization to a third direct
communication apparatus and synchronize with the
third direct communication apparatus according to
at least one second synchronization signal of the

third direct communication apparatus  {3())

Y

Enabling the first direct communication apparatus
to transmit at least one third synchronization signal
to the second direct communication apparatus

1303

4
Enabling the second direct communication
apparatus to synchronize with the first direct
communication apparatus according to the at least
one third synchronization signal 1304

FI1G. 13
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DIRECT COMMUNICATION NETWORK
SYSTEM AND SIGNAL SYNCHRONIZATION
METHOD THEREOF

PRIORITY

This application claims priority to U.S. Provisional Patent
Application No. 62/075,271 filed on Nov. 5, 2014, which 1s

hereby incorporated by reference 1n 1ts entirety.

FIELD

The present invention relates to a direct communication
network system and a signal synchronization method
thereol. More particularly, the present invention relates to a
direct communication network system and a signal synchro-
nization method thereof for dealing with synchronization
signal source abnormalities.

BACKGROUND

In direct communication systems, signal synchronization
1s very important for data transmissions because good com-
munication quality can be ensured only on the basis of a
correct synchronization status among direct communication
apparatuses. Referring to FIG. 1, 1n a conventional direct
communication system 1, a direct communication apparatus
13 located within communication coverage within the base
station 11 1s synchronized directly with the base station 11,
while a direct communication apparatus 15 located outside
the communication coverage of the base station 11 may
accomplish the synchromization process according to a syn-
chronization signal forwarded by the direct communication
apparatus 13 located within the communication coverage of
the base station 11.

However, 1n the current direct communication technolo-
gies, an abnormal synchronization status between the direct
communication apparatus 13 and the base station 11 (e.g.,
signal shielding, signal interference, a low power level of the
direct communication apparatus 13, or a temporary abnor-
mal status of the synchronization circuit) might cause an
error 1n synchronization of the direct communication appa-
ratus 13. Consequently, reliability of the synchromization
process of the direct communication apparatus 15 that 1s
synchronized via the direct commumnication apparatus 13
will also be aflected, and this significantly degrades the
synchronization effectiveness of the whole network.

Accordingly, a need exists 1n the art to overcome the
aforesaid shortcoming of the conventional direct communi-
cation system so that the synchronization reliability of the
direct communication apparatus located outside the com-
munication coverage of the base station can still be main-
tained when the direct communication apparatus located
within the communication coverage of the base station
experiences an abnormal synchronization status.

SUMMARY

The disclosure includes a signal synchronization method
for a direct communication network system. The direct
communication network system comprises a first direct
communication apparatus and a second direct communica-
tion apparatus. The first direct communication apparatus
synchronizes with a base station within communication
coverage of the base station. The second direct communi-
cation apparatus synchronizes with the first direct commu-
nication apparatus outside the communication coverage of
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2

the base station according to at least one first synchroniza-
tion signal of the first direct communication apparatus. The
signal synchromization method comprises the following
steps of: (a) enabling the first direct communication appa-
ratus to determine that an abnormal synchronization status
occurs between the first direct communication apparatus and
the base station, whereimn the abnormal synchromization
signal 1s one of a synchronization interruption status and an
abnormal synchronization signal source status; (b) enabling
the first direct communication apparatus to adjust a trans-
mitting status of the at least one first synchronization signal
alter the step (a); and (c¢) enabling the second direct com-
munication apparatus to, after the step (b), switch synchro-
nization to a third direct communication apparatus according
to the transmitting status of the at least one first synchroni-
zation signal and synchronize with the third direct commu-
nication apparatus according to at least one second synchro-
nization signal of the third direct communication apparatus.

The disclosure includes a direct communication network
system, which comprises a first direct communication appa-
ratus and a second direct communication apparatus. The first
direct communication apparatus synchromizes with a base
station within communication coverage of the base station.
The second direct communication apparatus synchronizes
with the first direct communication apparatus outside the
communication coverage of the base station according to at
least one first synchronization signal of the first direct
communication apparatus. The first direct communication
apparatus determines that an abnormal synchronization sta-
tus occurs between the first direct communication apparatus
and the base station and adjusts a transmitting status of the
at least one first synchronization signal, wherein the abnor-
mal synchromization signal 1s one of a synchromization
interruption status and an abnormal synchronization signal
source status. The second direct communication apparatus
switches synchronization to a third direct communication
apparatus according to the transmitting status of the at least
one first synchronization signal and synchronizes with the
third direct communication apparatus according to at least
one second synchronization signal of the third direct com-
munication apparatus.

The disclosure includes a signal synchronization method
for a direct communication network system. The direct
communication network system comprises a first direct
communication apparatus and a second direct communica-
tion apparatus. The first direct communication apparatus
synchronizes with a base station within communication
coverage of the base station. The second direct communi-
cation apparatus synchronizes with the first direct commu-
nication apparatus outside the communication coverage of
the base station according to at least one {first synchroniza-
tion signal of the first direct communication apparatus. The
signal synchromization method comprises the following
steps of: (a) enabling the first direct communication appa-
ratus to determine that an abnormal synchronization status
occurs between the first direct communication apparatus and
the base station, wherein the abnormal synchronization
signal 1s one of a synchronization interruption status and an
abnormal synchronization signal source status; (b) enabling
the first direct communication apparatus to, after the step (a),
switch synchronization to a third direct communication
apparatus and synchronize with the third direct communi-
cation apparatus according to at least one second synchro-
nization signal of the third direct communication apparatus;
(c) enabling the first direct communication apparatus to
transmit at least one third synchronization signal to the
second direct communication apparatus after the step (b);
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and (d) enabling the second direct communication apparatus
to synchronize with the first direct communication apparatus
according to the at least one third synchronization signal.

The disclosure further includes a direct communication
network system, which comprises a first direct communica-
tion apparatus and a second direct communication appara-
tus. The first direct communication apparatus synchronizes
with a base station within communication coverage of the
base station. The second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage ol the base station
according to at least one first synchronization signal of the
first direct communication apparatus. The first direct com-
munication apparatus determines that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus and the base station, and switches
synchronization to a third direct communication apparatus to
synchronize with the third direct communication apparatus
according to at least one second synchronization signal of
the third direct communication apparatus. The abnormal
synchronization signal 1s one of a synchronization interrup-
tion status and an abnormal synchronization signal source
status. The first direct communication apparatus transmits at
least one third synchronization signal to the second direct
communication apparatus. The second direct communica-
tion apparatus synchronizes with the first direct communi-
cation apparatus according to the at least one third synchro-
nization signal.

The detailed technology and preferred embodiments
implemented for the subject invention are described in the
tollowing paragraphs accompanying the appended drawings
tor people skilled 1n this field to well appreciate the features
of the claimed invention.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIG. 1 1s a schematic view of a direct communication
network system of the prior art;

FIG. 2A 1s a schematic view of a direct communication
network system according to a {first embodiment of the
present ivention;

FIG. 2B 1s a block diagram of a first direct communication
apparatus according to the first embodiment of the present
invention;

FIG. 2C 1s a block diagram of a second direct commu-
nication apparatus according to the first embodiment of the
present mvention;

FIG. 2D 1s another schematic view of the direct commu-
nication network system according to the first embodiment
of the present invention;

FIG. 3A 1s a schematic view of a direct communication
network system according to a second embodiment of the
present ivention;

FIG. 3B 1s another schematic view of the direct commu-
nication network system according to the second embodi-
ment of the present mnvention;

FIG. 4A 1s a schematic view of a direct communication
network system according to a third embodiment of the
present mvention;

FIG. 4B 1s another schematic view of the direct commu-
nication network system according to the third embodiment
of the present invention;

FIG. 5A 1s a schematic view of a direct communication
network system according to a fourth embodiment of the
present mvention;
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4

FIG. 5B 1s another schematic view of the direct commu-
nication network system according to the fourth embodi-
ment of the present invention;

FIG. 6A 1s a schematic view of a direct communication
network system according to a fifth embodiment of the
present 1nvention;

FIG. 6B 1s another schematic view of the direct commu-
nication network system according to the fifth embodiment
of the present invention;

FIG. 7A 1s a schematic view of a direct communication
network system according to a sixth embodiment of the
present 1nvention;

FIG. 7B 1s another schematic view of the direct commu-
nication network system according to the sixth embodiment
of the present 1nvention;

FIG. 8 15 a flowchart diagram of a signal synchronization
method according to a seventh embodiment of the present
invention;

FIG. 9 1s a flowchart diagram of a signal synchromization
method according to an eighth embodiment of the present
invention;

FIG. 10 1s a flowchart diagram of a signal synchronization
method according to a ninth embodiment of the present
invention;

FIG. 11 1s a flowchart diagram of a signal synchronization
method according to a tenth embodiment of the present
imnvention;

FIG. 12 1s a tlowchart diagram of a signal synchronization
method according to an eleventh embodiment of the present
invention;

FIG. 13 1s a lowchart diagram of a signal synchronization
method according to a twelith embodiment of the present
invention; and

FIG. 14 1s a flowchart diagram of a signal synchronization
method according to a thirteenth embodiment of the present
ivention.

DETAILED DESCRIPTION

In the following description, the present invention will be
explained with reference to certain example embodiments
thereof. However, these example embodiments are not
intended to limit the present invention to any specific
examples, embodiments environment, applications or par-
ticular implementations described in these example embodi-
ments. Therefore, description of these example embodi-
ments 1s only for purpose of illustration rather than to limit
the present invention, and the scope of the present invention
shall be governed by the claims. In the following example
embodiments and the attached drawings, elements unrelated
to the present invention are omitted from depiction; and
dimensional relationships among individual elements 1n the
attached drawings are illustrated only for ease of under-
standing, but not to limit the actual scale.

Please refer to FIGS. 2A~2C first. FIG. 2A 15 a schematic
view of a direct communication network system 2 according
to a first embodiment of the present invention. The direct
communication network system 2 comprises a first direct
communication apparatus 23 and a second direct commu-
nication apparatus 25. FIG. 2B 1s a block diagram of the first
direct communication apparatus 23 of the present invention,
and the first direct communication apparatus 23 comprises a
processor 231 and a transceiver 233. FIG. 2C 1s a block
diagram of the second direct communication apparatus 25 of
the present invention, and the second direct communication
apparatus 25 comprises a processor 2351 and a transceiver
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2353. Interactions of the direct communication network sys-
tem 2 and components therecof will be further described
hereinbelow.

Firstly, as shown in FIG. 2A, the first direct communica-
tion apparatus 23 receives at least one synchromization 3
signal 212 of a base station 21 within communication
coverage 210 of the base station 21 and synchromizes with
the base station 21 accordingly. The second direct commu-
nication apparatus 23 receives at least one first synchroni-
zation signal 230 of the first direct communication apparatus 10
23 via the transcerver 253 outside the communication cov-
crage 210 of the base station 21 and synchronizes with the
first direct communication apparatus 23 accordingly. It shall
be firstly noted that, the network system further comprises a
third direct communication apparatus 27 which 1s also 15
located within the communication coverage 210 of the base
station 21, and the third direct communication apparatus 27
receives at least one synchronization signal 212 from the
base station 21 and synchronizes with the base station 21
accordingly. 20

Please refer next to FIG. 2D, which 1s another schematic
view of the direct communication network system 2 accord-
ing to the first embodiment of the present invention. In
detail, 1t the transceiver 233 of the first direct communica-
tion apparatus 23 fails to receive at least one synchromization 25
signal of the base station 21 during the synchromization
process, the processor 231 can determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus 23 and the base station 21 (as shown
by a dashed line between the base station 21 and the first 30
direct communication apparatus 23).

It shall be particularly noted that, the abnormal synchro-
nization status may be a synchronization mterruption status,
for example, when the user equipment (UE) moves into a
basement where the synchronization signal from the base 35
station 1s shielded. Or, the abnormal synchronization status
may be an abnormal synchronization signal source status,
for example, when the direct communication apparatus
moves to a place where the signal of the base station 1s too
weak to cause incomplete signal reception, accuracy of the 40
synchronization signal 1s inadequate due to several times of
forwarding, the synchronization signal 1s not directly from
the base station (e.g., the synchronization signal 1s from a
mobile station within the communication coverage of the
base station), the transmission power of the synchromzation 45
signal source i1s insuilicient, etc. However, these are not
intended to limit forms of synchromization interruptions or
abnormal synchronization signal source statuses, and those
skilled 1n the art can readily understand possible forms of
synchronization interruptions and abnormal synchronization 50
signal source statuses.

Then, the processor 231 of the first direct communication
apparatus 23 can adjust a transmitting status of the at least
one first synchronization signal 230 via the transceiver 233
to notify the second direct communication apparatus 25, 55
which synchronizes to the first direct communication appa-
ratus 23, to switch synchronization. On the other hand, the
second direct communication apparatus 25 performs syn-
chronization mainly according to the at least one {irst
synchronization signal 230, so the processor 251 of the 60
second direct communication apparatus 25 knows that
switching of the synchronization signal source shall be done
once 1t determines that the transmaitting status of the at least
one first synchronization signal 230 has been adjusted.

More specifically, 1 the second direct communication 65
apparatus 25 determines that the third direct communication
apparatus 27 1s 1n a normal synchronization status according
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to at least one second synchronization signal 270 of the third
direct communication apparatus 27, then the second direct
communication apparatus 25 may switch synchronization to
the third direct communication apparatus 27 via the trans-
ceiver 253 and synchronizes to the third direct communica-
tion apparatus 27 according to the at least one second
synchronization signal 270 of the third direct communica-
tion apparatus 27. Thereby, the case that the second direct
communication apparatus 25 continues to synchronize with
the first direct communication apparatus 23, which has
already failed to normally synchronmize with the base station
21, to cause an abnormal synchronization status can be
avoided.

Please refer to FIGS. 3A~3B, which are schematic views
of a direct communication network system 3 according to a
second embodiment of the present invention. The frame-
work of the second embodiment 1s similar to that of the first
embodiment, so elements bearing the same symbols also
have the same functions and will not be described again
herein. The second embodiment will mainly describe the
technology of coping with the abnormal synchromization
statuses 1 more detail.

Similarly, as shown 1n FIG. 3A, the first direct commu-
nication apparatus 23 receives at least one synchromization
signal 212 from the base station 21 via the transceiver 233
within the communication coverage 210 of the base station
21 and synchronizes with the base station 21 accordingly.
The second direct communication apparatus 25 receives at
least one first synchronization signal 230 from the first direct
communication apparatus 23 via the transceiver 253 outside
the communication coverage 210 of the base station 21 and
synchronizes with the first direct communication apparatus
23 accordingly.

Referring next to FIG. 3B, 1if the transceiver 233 of the
first direct communication apparatus 23 fails to normally
receive at least one synchronization signal 212 of the base
station 21 during the continuous synchronization process,
the processor 231 can determine that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus 23 and the base station 21. Then, the proces-
sor 231 of the first direct communication apparatus 23 can
stop transmitting the at least one first synchronization signal
230 via the transceiver 233.

I1, after stopping receiving the at least one first synchro-
nization signal 230, the second direct communication appa-
ratus 25 determines that the third direct communication
apparatus 27 1s 1n a normal synchronization status according
to at least one second synchronization signal 270 of the third
direct communication apparatus 27, then the second direct
communication apparatus 25 may switch synchronization to
the third direct communication apparatus 27 via the trans-
ceiver 233 and synchronizes to the third direct communica-
tion apparatus 27 according to the at least one second
synchronization signal 270 of the third direct communica-
tion apparatus 27.

Please refer to FIGS. 4A~4B, which are schematic views
of a direct communication network system 4 according to a
third embodiment of the present invention. The framework
of the third embodiment 1s similar to that of the first
embodiment, so elements bearing the same symbols also
have the same functions and will not be described again
herein. The second embodiment will mainly describe
another technology of coping with the abnormal synchro-
nization statuses 1 more detail.

Similarly, as shown 1n FIG. 4A, the first direct commu-
nication apparatus 23 receives at least one synchromization
signal 212 from the base station 21 via the transceiver 233
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within the communication coverage 210 of the base station
21 and synchronizes with the base station 21 accordingly.
The second direct communication apparatus 25 receives at
least one first synchronization signal 230 from the first direct
communication apparatus 23 via the transceiver 253 outside
the communication coverage 210 of the base station 21 and
synchronizes with the first direct communication apparatus
23 accordingly.

Referring next to FIG. 4B, 11 the transceiver 233 of the
first direct communication apparatus 23 fails to normally
receive at least one synchronization signal 212 of the base
station 21 during the continuous synchronization process,
the processor 231 can determine that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus 23 and the base station 21. Then, the proces-
sor 231 of the first direct communication apparatus 23 can
decrease a signal transmission power (not shown) of the at
least one first synchronization signal 230 via the transceiver
233.

Then, after the processor 251 of the second direct com-
munication apparatus 25 determines that the signal trans-
mission power of the at least one first synchronization signal
230 has been decreased, the processor 251 can decide to
switch the synchronization. Further speaking, if the second
direct communication apparatus 25 determines that the third
direct communication apparatus 27 1s 1 a normal synchro-
nization status according to at least one second synchroni-
zation signal 270 of the third direct communication appa-
ratus 27, then the second direct communication apparatus 25
may switch synchronization to the third direct communica-
tion apparatus 27 via the transceiver 2353 and synchronizes
to the third direct commumnication apparatus 27 according to
the at least one second synchronization signal 270 of the
third direct communication apparatus 27.

It shall be particularly noted that, the technology of
determining whether to switch synchronization according to
the signal transmission power may be accomplished by
setting a power threshold value. In more detail, 1f the direct
communication apparatus determines that the signal trans-
mission power of the synchronization signal becomes lower
than the power threshold value, then 1t can be determined
that an abnormal status of the synchronization signal source

has occurred or 1s about to occur so as to switch the
synchronization source in advance.

Please refer to FIGS. SA~5B, which are schematic views
of a direct communication network system 3 according to a
tourth embodiment of the present invention. The framework
of the fourth embodiment 1s similar to that of the first
embodiment, so elements bearing the same symbols also
have the same functions and will not be described again
herein. The fourth embodiment will mainly describe another
technology of coping with the abnormal synchronization
statuses 1 more detail.

Similarly, as shown in FIG. 5A, the first direct commu-
nication apparatus 23 receives at least one synchronization
signal 212 from the base station 21 via the transceiver 233
within the communication coverage 210 of the base station
21 and synchronizes with the base station 21 accordingly.
The second direct communication apparatus 25 receives at
least one first synchronization signal 230 of the first direct
communication apparatus 23 via the transceiver 253 outside
the communication coverage 210 of the base station 21 and
synchronizes with the first direct communication apparatus
23 accordingly. Here, the first direct communication appa-
ratus 23 and the second direct communication apparatus 25
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turther exchange information with each other via a physical
direct-to-direct synchronization channel (PD2DSCH) ther-
cbetween.

Referring next to FIG. 5B, 1if the transceiver 233 of the
first direct communication apparatus 23 fails to normally
receive at least one synchronization signal 212 from the base
station 21 during the continuous synchronization process,
the processor 231 can determine that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus 23 and the base station 21. Then, the proces-
sor 231 of the first direct communication apparatus 23 that
1s transmitting the at least one first synchronization signal
230 may also transmit a notification message 232 to the
second direct communication apparatus 25 1in the PD2DSCH
via the transceiver 233 to notily the second direct commu-
nication apparatus 23 to switch synchronization.

Then, the second direct communication apparatus 25 can
switch synchronization after recerving the notification mes-
sage 232 1n the PD2DSCH. Similarly, 1f the second direct
communication apparatus 25 determines that the third direct
communication apparatus 27 1s 1n a normal synchronization
status according to at least one second synchronization
signal 270 of the third direct communication apparatus 27,
then the second direct communication apparatus 235 may
switch synchronization to the third direct communication
apparatus 27 via the transceiver 253 and synchronizes to the
third direct communication apparatus 27 according to the at
least one second synchronization signal 270 of the third
direct communication apparatus 27.

Please refer to FIGS. 6 A~6B, which are schematic views
of a direct communication network system 6 according to a
fifth embodiment of the present invention. The framework of
the fifth embodiment 1s similar to that of the first embodi-
ment, so elements bearing the same symbols also have the
same functions and will not be described again herein. The
fifth embodiment will mainly describe another technology of
coping with the abnormal synchronization statuses 1n more
detaul.

Similarly, as shown 1n FIG. 6A, the first direct commu-
nication apparatus 23 receives at least one synchronization
signal 212 from the base station 21 via the transceiver 233
within the communication coverage 210 of the base station
21 and synchronizes with the base station 21 accordingly.
The second direct communication apparatus 25 receives at
least one first synchronization signal 230 from the first direct
communication apparatus 23 via the transceiver 253 outside
the communication coverage 210 of the base station 21 and
synchronizes with the first direct communication apparatus
23 accordingly.

Referring next to FIG. 6B, 1f the transceiver 233 of the
first direct communication apparatus 23 fails to normally
receive at least one synchronization signal 212 from the base
station 21 during the continuous synchronization process,
the processor 231 can determine that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus 23 and the base station 21. Then, the proces-
sor 231 of the first direct communication apparatus 23
adjusts the at least one first synchronization signal 230
according to a sequence format SEQ before the at least one
first synchronization signal 230 1s transmitted by the trans-
ceiver 233.

Then, after the processor 251 of the second direct com-
munication apparatus 25 determines that the at least one first
synchronization signal 230 has been adjusted by the
sequence format SEQ, the processor 2351 can decide to
switch the synchronization. Further speaking, 1f the second
direct communication apparatus 25 determines that the third
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direct communication apparatus 27 1s in a normal synchro-
nization status according to at least one second synchroni-
zation signal 270 of the third direct communication appa-
ratus 27, then the second direct communication apparatus 25
may switch synchronization to the third direct communica-
tion apparatus 27 via the transcerver 253 and synchronizes
to the third direct commumnication apparatus 27 according to
the at least one second synchronization signal 270 of the
third direct communication apparatus 27.

It shall be particularly noted that the use of the sequence
format 1s used to firstly pre-define a transmission form of the
sequence 1n the direct communication apparatuses. Further
speaking, the direct communication apparatuses may preset
that switching of synchronization shall be performed 1t a
sequence of signals that 1s received complies with the
sequence format that 1s pre-define. Thus, notification of the
synchronization switching can be accomplished by adjusting
the signal according to the sequence format.

More specifically, the sequence format mainly specifies
the occurrence, the pattern or the frequency of the sequence
in the signals. Therefore, when the sequence format has been
pre-defined 1n the transmitting end or receiving end of a
direct communication apparatus, whether the sequence of
signals transmitted complies with this sequence format can
be determined 1n subsequent transmitting or rece1ving opera-
tions, and if the sequence of signals complies with the
sequence format, then a corresponding action (e.g., synchro-
nization switching) will be done.

On the other hand, because adjustment of the occurrence,
pattern or frequency may result 1n various different forms of
the sequence format, the direct communication apparatuses
may notify each other of their respective needs by use of the
various pre-defined sequence formats. The technology of
adjusting the sequence 1n signals to make 1t comply with the
sequence format will be readily understood by those skilled
in the art from the aforesaid descriptions, so 1t will not be
turther described herein.

Please refer to FIGS. 7TA~7B, which are schematic views
of a direct communication network system 7 according to a
sixth embodiment of the present invention. The framework
of the sixth embodiment 1s similar to that of the first
embodiment, so elements bearing the same symbols also
have the same functions and will not be described again
herein. The sixth embodiment will mainly describe another
technology of coping with the abnormal synchromization
statuses 1n more detail.

Similarly, as shown 1 FIG. 7A, the first direct commu-
nication apparatus 23 receives at least one synchromzation
signal 212 from the base station 21 via the transceiver 233
within the communication coverage 210 of the base station
21 and synchronizes with the base station 21 accordingly.
The second direct communication apparatus 25 receives at
least one first synchronization signal 230 of the first direct
communication apparatus 23 via the transceiver 253 outside
the communication coverage 210 of the base station 21 and
synchronizes with the first direct communication apparatus
23 accordingly.

Referring next to FIG. 7B, 1 the transceiver 233 of the
first direct communication apparatus 23 fails to normally
receive at least one synchronization signal 212 of the base
station 21 during the continuous synchronization process,
the processor 231 can determine that an abnormal synchro-
nization status occurs between the first direct communica-
tion apparatus 23 and the base station 21. Then, the proces-
sor 231 of the first direct communication apparatus 23
switches the synchronization source directly according to
the abnormal synchromization status.
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More specifically, the main 1dea of the sixth embodiment
1s to re-switch the synchronization source by the first direct
communication apparatus 23, and i1 the first direct commu-
nication apparatus 23 determines that the third direct com-
munication apparatus 27 1s 1n a normal synchromization
status according to the at least one second synchronization
signal 272 of the third direct communication apparatus 27,
then the first direct communication apparatus 23 may switch
synchronization to the third direct communication apparatus
27 via the transcerver 233 and synchronizes with the third
direct communication apparatus 27 according to the at least
one second synchronization signal 272 of the third direct
communication apparatus 27.

Next, as i1t has been correctly re-synchronized, the pro-
cessor 231 of the first direct communication apparatus 23
transmits at least one third synchronization signal 234 via
the transceiver 233 to the second direct communication
apparatus 25. Thus, the second direct communication appa-
ratus 25 can synchronize with the first direct commumnication
apparatus 23 via the orniginal synchromization connection
between the second direct communication apparatus 25 and
the first direct communication apparatus 23 and according to
the at least one third synchronization signal 234.

A seventh embodiment of the present invention 1s a signal
synchronization method, a flowchart diagram of which 1s
shown 1n FIG. 8. The method of the seventh embodiment 1s
for use 1 a direct communication network system (e.g., the
direct communication network system 2 in the previous
embodiment) which comprises a first direct communication
apparatus and a second direct communication apparatus.
The first direct communication apparatus synchronizes with
a base station within communication coverage of the base
station, and the second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage ol the base station
according to at least one first synchronization signal of the
first direct communication apparatus. Detailed steps of the
signal synchronization method of the seventh embodiment
are described as follows.

Firstly, step 801 1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station, wherein the
abnormal synchronization signal 1s one of a synchronization
interruption status and an abnormal synchronization signal
source status. Then, step 802 1s executed to enable the
processor of the first direct communication apparatus to
adjust a transmitting status of the at least one first synchro-
nization signal after the step 801.

Finally, step 803 1s executed to enable the second direct
communication apparatus to, aiter the step 802, switch
synchronization to a third direct communication apparatus
according to the transmitting status of the at least one first
synchronization signal and synchronize with the third direct
communication apparatus according to at least one second
synchronization signal of the third direct communication
apparatus. Here, the third direct communication apparatus 1s
synchronized with the base station within the communica-
tion coverage of the base station.

An eighth embodiment of the present invention is a signal
synchronization method, a flowchart diagram of which 1s
shown 1n FIG. 9. The method of the eighth embodiment 1s
for use 1n a direct communication network system (e.g., the
direct communication network system 3 in the previous
embodiment) which comprises a first direct communication
apparatus and a second direct communication apparatus.
The first direct communication apparatus synchronizes with
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a base station within communication coverage of the base
station, and the second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage of the base station
according to at least one first synchronization signal of the
first direct communication apparatus. Detailed steps of the

signal synchromzation method of the eighth embodiment are
described as follows.

Firstly, step 901 i1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station, wherein the
abnormal synchronization signal 1s one of a synchronization
interruption status and an abnormal synchronization signal
source status. Then, step 902 1s executed to enable the first
direct communication apparatus to stop transmitting the at
least one first synchronization signal.

Next, step 903 15 executed to enable the second direct
communication apparatus to stop receiving the at least one
first synchronization signal. Step 904 1s executed to enable
the second direct communication apparatus to switch syn-
chronization to the third direct communication apparatus
and synchronize with the third direct communication appa-
ratus according to the at least one second synchromization
signal of the third direct communication apparatus. Here, the
third direct communication apparatus 1s synchronized with
the base station within the communication coverage of the
base station.

A ninth embodiment of the present invention 1s a signal
synchronization method, a flowchart diagram of which 1s
shown 1n FIG. 10. The method of the ninth embodiment 1s
for use 1n a direct communication network system (e.g., the
direct communication network system 4 in the previous
embodiment) which comprises a first direct communication
apparatus and a second direct communication apparatus.
The first direct communication apparatus synchronizes with
a base station within communication coverage of the base
station, and the second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage of the base station
according to at least one first synchronization signal of the
first direct communication apparatus. Detailed steps of the
signal synchronization method of the ninth embodiment are
described as follows.

Firstly, step 1001 i1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station, wherein the
abnormal synchronization signal 1s one of a synchronization
interruption status and an abnormal synchronization signal
source status. Then, step 1002 1s executed to enable the first
direct communication apparatus to decrease a signal trans-
mission power ol the at least one first synchronization
signal.

Finally, step 1003 1s executed to enable the second direct
communication apparatus to stop receiving the at least one
first synchronization signal according to the signal transmis-
sion power of the at least one first synchromization signal.
Step 1004 1s executed to enable the second direct commu-
nication apparatus to switch synchronization to a third direct
communication apparatus and synchronize with the third
direct communication apparatus according to at least one
second synchronization signal of the third direct communi-
cation apparatus. Here, the third direct communication appa-
ratus 1s synchronized with the base station within the com-
munication coverage of the base station.
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A tenth embodiment of the present invention 1s a signal
synchronization method, a flowchart diagram of which 1s
shown 1n FIG. 11. The method of the tenth embodiment 1s
for use 1n a direct communication network system (e.g., the
direct communication network system 5 in the previous
embodiment) which comprises a first direct communication
apparatus and a second direct communication apparatus.
The first direct communication apparatus synchronizes with
a base station within communication coverage of the base
station, and the second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage ol the base station
according to at least one first synchronization signal of the
first direct communication apparatus. Detailed steps of the
signal synchronization method of the tenth embodiment are
described as follows.

Firstly, step 1101 i1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station. The abnormal
synchronization signal 1s one of a synchronization interrup-
tion status and an abnormal synchronization signal source
status. Then, step 1102 1s executed to enable the first direct
communication apparatus to transmit a notification message
to the second direct communication apparatus via a physical
direct-to-direct synchronization channel while transmitting
the at least one first synchronization signal.

Then, step 1103 1s executed to enable the second direct
communication apparatus to stop receiving the at least one
first synchronization signal according to the notification
message. Afterwards, step 1104 1s executed to enable the
second direct communication apparatus to switch synchro-
nization to the third direct communication apparatus and
synchronize with the third direct communication apparatus
according to the at least one second synchronization signal
of the third direct communication apparatus. The third direct
communication apparatus 1s synchronized with the base
station within the communication coverage ol the base
station.

An eleventh embodiment of the present invention 1s a
signal synchronization method, a flowchart diagram of
which 1s shown i FIG. 12. The method of the eleventh
embodiment 1s for use 1n a direct communication network
system (e.g., the direct communication network system 6 1n
the previous embodiment) which comprises a first direct
communication apparatus and a second direct communica-
tion apparatus. The first direct communication apparatus
synchronizes with a base station within communication
coverage of the base station, and the second direct commu-
nication apparatus synchronizes with the first direct com-
munication apparatus outside the communication coverage
ol the base station according to at least one {first synchroni-
zation signal of the first direct communication apparatus.
Detailed steps of the signal synchronization method of the
cleventh embodiment are described as follows.

Firstly, step 1201 1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station. The abnormal
synchronization signal 1s one of a synchronization interrup-
tion status and an abnormal synchronization signal source
status. Then, step 1202 15 executed to enable the first direct
communication apparatus to adjust the at least one first
synchronization signal according to a sequence format.

Then, step 1203 1s executed to enable the second direct
communication apparatus to stop receiving the at least one
first synchronization signal according to the at least one first
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synchromization signal adjusted by the sequence format.
Step 1204 1s executed to enable the second direct commu-
nication apparatus to switch synchromzation to the third
direct communication apparatus and synchronize with the
third direct communication apparatus according to the at
least one second synchronization signal of the third direct
communication apparatus. The third direct communication
apparatus 1s synchronized with the base station within the
communication coverage of the base station.

A twelfth embodiment of the present invention 1s a signal
synchronization method, a flowchart diagram of which 1s
shown 1n FIG. 13. The method of the twelith embodiment 1s
for use 1n a direct communication network system (e.g., the
direct communication network system 7 in the previous
embodiment) which comprises a first direct communication
apparatus and a second direct communication apparatus.
The first direct communication apparatus synchronizes with
a base station within communication coverage of the base
station, and the second direct communication apparatus
synchronizes with the first direct communication apparatus
outside the communication coverage ol the base station
according to at least one {irst synchronization signal of the
first direct communication apparatus. Detailed steps of the
signal synchronization method of the twelfth embodiment
are described as follows.

Firstly, step 1301 1s executed to enable the first direct
communication apparatus to determine that an abnormal
synchronization status occurs between the first direct com-
munication apparatus and the base station. The abnormal
synchronization signal 1s one of a synchronization interrup-
tion status and an abnormal synchronization signal source
status. Then, step 1302 15 executed to enable the first direct
communication apparatus to switch synchronization to a
third direct communication apparatus and synchronize with
the third direct communication apparatus according to at
least one second synchronization signal of the third direct
communication apparatus. The third direct communication
apparatus 1s synchronized with the base station within the
communication coverage of the base station.

Then, step 1303 1s executed to enable the first direct
communication apparatus to transmit at least one third
synchronization signal to the second direct communication
apparatus. Finally, step 1304 1s executed to enable the
second direct communication apparatus to synchronize with
the first direct communication apparatus according to the at
least one third synchronization signal.

A thirteenth embodiment of the present mvention 1s a
signal synchronization method for a direct communication
apparatus, a tlowchart diagram of which 1s shown i FIG.
14. The method of the thirteenth embodiment 1s for use 1n
direct communication apparatus (e.g., the direct communi-
cation apparatuses of previous embodiments) of a direct
communication network system. The thirteenth embodiment
mainly emphasizes operations of the synchronizing technol-
ogy of the present mvention by integrating the technical
contents of the previous embodiments.

Firstly, step 1401 1s executed to enable the direct com-
munication apparatus to begin the direct communication in
the direct communication system. Step 1402 1s executed to
cnable the direct communication apparatus to determine
whether a synchronization signal 1s received from a base
station. If the determination result 1s “yes”, then the direct
communication apparatus 1s an apparatus synchronized with
the base station. Then step 1403 1s executed to enable the
direct communication apparatus to synchromize with the
base station directly and transmit a direct communication
synchronization signal.
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Next, step 1404 1s executed to enable the direct commu-
nication apparatus to determine whether an abnormal syn-
chronization status occurs. If the determination result is
“no”, the step 1403 1s executed again. Otherwise, 1f the
determination result 1s “yes™, step 1405 1s executed to enable
the direct communication apparatus to execute steps accom-
plished by the first direct communication apparatus in the
seventh embodiment to the twelfth embodiment according to
different abnormal synchronization signals so as to keep
other direct communication apparatuses, which would oth-
erwise be unable to be synchromized with the base station,
synchronized with the base station. Next, step 1406 1s
executed to enable the direct communication apparatus to
determine whether normal synchronization of itself has
resumed. If the determination result 1s “yes”, then the step
1403 1s executed again, and otherwise, the step 1405 1s
executed again.

On the other hand, 1f the determination result of the step
1402 15 “no”, then the direct commumnication apparatus 1s not
an apparatus directly synchronized with the base station, and
step 1407 1s executed to enable the direct communication
apparatus to determine whether the synchronization signal
source apparatus available for synchronization 1s unique. If
the determination result 1s “yes™, 1t means that there 1s only
one synchronization source available for the direct commu-
nication apparatus, and step 1408 1s executed to enable the
direct communication apparatus to synchronize with the
unique synchronization signal source apparatus.

If the determination result of the step 1407 1s “no”, then
step 1409 15 executed to enable the direct communication
apparatus to execute steps accomplished by the second
direct communication apparatus in the seventh embodiment
to the twelfth embodiment to choose a suitable synchroni-
zation signal source. Thereatter, step 1410 1s executed to
enable the direct communication apparatus to synchronize
with the suitable synchronization signal source. Finally, the
step 1402 1s executed again for direct synchronization with
the base station.

According to the above descriptions, the direct commu-
nication network system and the signal synchronization
method thereof according to the present invention changes
or switches the synchronization sources according to the
adjustment 1n status of the synchronization signal so as to
avoid possible abnormal synchronization status that would
occur subsequently. Thereby, stability of the direct commu-
nication of direct communication apparatuses outside the
communication coverage of the present invention can be
increased to improve the service quality.

The above disclosure 1s related to the detailed technical
contents and inventive features thereof. People skilled in this
field may proceed with a vanety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the charac-
teristics thereof. Nevertheless, although such modifications
and replacements are not fully disclosed in the above
descriptions, they have substantially been covered in the
following claims as appended.

What 1s claimed 1s:

1. A signal synchronization method for a direct wireless
communication network system, the direct wireless commu-
nication network system comprising a first Device-to-De-
vice (D2D) communication apparatus and a second D2D
communication apparatus, the first D2D communication
apparatus synchronizing with a base station within commu-
nication coverage of the base station, and the second D2D
communication apparatus, which 1s outside the communi-
cation coverage of the base station, synchronizing with the
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first D2D communication apparatus according to at least one
first synchronization signal of the first D2D communication
apparatus, the signal synchronization method comprising:

(a) the first D2D communication apparatus determining
that an abnormal synchronization status occurs
between the first D2D commumnication apparatus and
the base station, wherein the abnormal synchromization
signal 1s one of a synchronization interruption status
and an abnormal synchronization signal source status;

(b) the first D2D communication apparatus, aiter step (a),
switching synchronization to a third D2D communica-
tion apparatus and synchronize with the third D2D
communication apparatus according to at least one
second synchronization signal of the third D2D com-
munication apparatus, wherein the third D2D commu-
nication apparatus 1s synchronized with the base station
within the communication coverage of the base station;

(c) the first D2D communication apparatus transmitting at
least one third synchronization signal to the second
D2D communication apparatus aiter step (b); and

(d) the second D2D communication apparatus synchro-
nizing with the first D2D communication apparatus
according to the at least one third synchronization
signal.

2. A direct wireless communication network system,

comprising:

a first Device-to-Device (D2D) communication apparatus
that synchronizes with a base station within commu-
nication coverage ol the base station; and

a second D2D communication apparatus that 1s outside
the communication coverage of the base station and
synchronizes with the first D2D communication appa-
ratus according to at least one first synchromzation
signal of the first D2D communication apparatus;

wherein the first D2D communication apparatus deter-
mines that an abnormal synchronization status occurs

between the first v communication apparatus and the
base station, and switches synchronization to a third
D2D commumnication apparatus to synchronize with the
third D2D communication apparatus according to at
least one second synchronization signal of the third
D2D communication apparatus, wherein the abnormal
synchronization signal 1s one of a synchronization
interruption status and an abnormal synchronization
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signal source status, the third D2D communication
apparatus 1s synchronized with the base station within
the communication coverage of the base station, the
first D2D communication apparatus transmits at least
one third synchronization signal to the second D2D
communication apparatus, and the second D2D com-
munication apparatus synchronizes with the first D2D
communication apparatus according to the at least one
third synchronization signal.

3. A first Device-to-Device (D2D) communication appa-
ratus for a direct wireless communication network system,
the direct wireless communication network system compris-
ing a second D2D communication apparatus, the first D2D
communication apparatus synchronizing with a base station
within communication coverage of the base station, and the
second D2D communication apparatus, which 1s outside the
communication coverage of the base station, synchronizing
with the first D2D communication apparatus according to at
least one first synchronization signal of the first D2D com-
munication apparatus, the first D2D communication appa-
ratus comprising:

a processor; and

a transceiver;

wherein the processor 1s configured to determine that an

abnormal synchromization status occurs between the
first D2D communication apparatus and the base sta-
tion, the abnormal synchronization signal being one of
a synchronization interruption status and an abnormal
synchronization signal source status, switches synchro-
nization to a third D2D communication apparatus via
the transceiver and synchronizes with the third D2D
communication apparatus according to at least one
second synchronization signal of the third D2D com-
munication apparatus, the third D2D commumnication
apparatus 1s synchronized with the base station within
the communication coverage of the base station, and
the processor 1s configured to transmit at least one third
synchronization to the second D2D communication
apparatus so that the second D2D communication appa-
ratus synchronizes with the first D2D communication
apparatus according to the at least one third synchro-
nization signal.
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